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DEAR CONCERNED CITIZEN 
The purpose of this document is to provide a comprehensive and informative environmental 
impact assessment (EIA) concerning the proposal to build a geothermal power plant on Mt. 
Baker, WA. This EIA was formatted in compliance with the State Environmental Policy Act 
(SEPA), and adheres to the guidelines described in Washington Administrative Code (WAC) 197-
11-010-968. 
Whatcom County was nationally recognized as a leader in renewable energy in 2006, when it 
was admitted to the Environmental Protection Agency’s Green Power Partnership (U.S. 
Environmental Protection Agency, 2013). In continuing dedication to the county’s goals 
concerning sustainability, the proposed action is to construct a 50 MW binary geothermal 
power plant on the southeast slope of Mt. Baker. A plant of this size would produce enough 
energy to power approximately 20,000  homes in Whatcom County (Trade Wind Energy, 2013).   
Geothermal power is clean, sustainable, and reliable. Binary geothermal power plants, like the 
one proposed, have emissions approaching zero (atmospheric or otherwise). This makes them a 
promising source of energy in the face of climate change. Adverse environmental impacts 
resulting from this action would primarily be incurred during the scoping and construction 
phases of the project, and are described in this document. 
This report represents a class project that was carried out by students of Western Washington 
University, Huxley College of the Environment.  It has not been undertaken at the request of 
any persons representing local governments or private individuals, nor does it necessarily 
represent the opinion or position of individuals from government or the private sector. 
We hope you find our analysis to be helpful and informative. If you have questions, we will be 
presenting our findings at the Downtown Bellingham Food Co-op on Wednesday, March 13, 
from 6:00-7:30PM. Anyone is welcome to attend. 
 
Sincerely, 
Mt. Baker Geothermal Power Plant Team 
 
Evan Derickson 
 
Ethan Holzer 
 
Brandon Johansen 
 
Audra McCafferty Eric Messerschmidt 
 
Kyle Olsen 
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FACT SHEET 
Project Title 
Mt. Baker-Snoqualmie National Forest Geothermal Power Plant Proposal 
Project Description 
The proposed action is to lease 9,450.2 acres of United States Forest Service (USFS) lands to 
private developers for the construction of a 50 MW binary geothermal power plant on Mt. 
Baker. The facility would comprise one 20 MW plant and one 30 MW plant, located on adjacent 
sites and covering 25 acres. Up to 367 additional acres would be developed for the construction 
of well pads, pipelines, and electrical lines. The proposed power plant would produce enough 
renewable energy to power approximately 45,000 homes in Whatcom County. 
Project Location 
The lease site is located within the Mt. Baker District of the Mt. Baker-Snoqualmie National 
Forest on the southeastern slope of Mt. Baker, in Whatcom County, Washington. It is adjacent 
to the Mt. Baker Wilderness Area and Mt. Baker National Recreation Area. The site is currently 
managed as a late-successional reserve, and is traversed by several creeks and unpaved USFS 
roads. Located within the site are a Washington State Sno-Park and one trailhead. There are 
currently no known buildings on or within half a mile from the edge of the site. Consequently, 
human presence in the area is primarily limited to recreationists. 
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Figure 1: Lease location 
Proposers 
Mt. Baker-Snoqualmie National Forest: Mt. Baker Ranger District 
Bureau of Land Management (BLM) Spokane District 
Lead Agency 
Leo Bodensteiner, LLC 
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Regulatory Considerations 
The project may require permitting or compliance with the following government regulatory 
considerations:  
Table 1. Governmental permits and applicable regulations 
(Washington State Governor's Office of Regulatory Assistance, 2012). 
Level Permit Type 
Federal BLM Spokane District 
 Geothermal Drilling Permits  
 Commercial Use Permit 
 Facility Construction Permit  
 Geothermal Drilling Permit 
Federal Energy Regulatory Committee 
 Self-Certification as Qualifying for Small Power Producer 
US Fish and Wildlife Service 
 Compliance with Section 7 of the Endangered Species Act 
US Environmental Protection Agency 
 Clean Air Act – Title V Operating Permit 
Safe Drinking Water Act 
State Washington Department of Ecology 
 401 Water Quality Certification 
 Dangerous Waste Treatment Storage Disposal Facility 
 Notice of Intent to Construct or Decommission a Well  
 Well Construction and Operator’s License 
 NPDES Construction Stormwater General Permit 
 NPDES Individual Permit 
 Resource Conservation and Recovery Act (RCRA) Site ID Number 
 State Wastewater Discharge Permit 
 Underground Injection Control Registration 
 Water Right, New 
Washington Department of Natural Resources 
 Forest Practices Permit 
Local Whatcom County Planning and Development Services  
 Building Permit 
 Land Disturbance and Clearing Permit 
  
8 Table of Contents 
 
8 
 
Professor Leo Bodensteiner, Ph.D. 
Huxley College of the Environment 
Western Washington University 
Bellingham, WA 98225 
Wilson Library Special Collections 
Western Washington University 
516 High Street 
Bellingham, WA 98225 
Mt. Baker Geothermal Power Plant Team: 
Evan Derickson 
Ethan Holzer 
Brandon Johansen 
Audra McCafferty 
Eric Messerschmidt 
Kyle Olsen 
Huxley Map Library 
Arntzen Hall Room 101 
Western Washington University 
516 High Street 
Bellingham, WA 98225 
 
Contributors 
Evan Derickson: geospatial analyst (Noise, Light/Glare, Land Use, Aesthetics) 
Ethan Holzer: geology specialist (Proposed/Alternative Actions, Geology, Soils, Unique Physical 
Features) 
Brandon Johansen: energy specialist (Energy, Natural Resources, Explosion and Toxic Release) 
Audra McCafferty: chief editor (Letter to Concerned Citizens, Fact Sheet, Executive Summary, 
Air Quality, Odor) 
Eric Messerschmidt: biology specialist (Habitat and Diversity, Unique Species) 
Kyle Olsen: aquatic specialist (Regulatory Considerations, Surface Water, Groundwater, Fish 
Species) 
Acknowledgements 
We would like to thank the following people for their contributions and guidance: 
 Dr. Leo Bodensteiner, Huxley College of the Environment 
 Jeremy Gilman, Fisheries Biologist with the USFS in Sedro Woolley  
 Pete Stelling 
Issue Date 
Friday, March 15, 2013 
Public Presentation 
Wednesday, March 13th 6:00–7:30PM 
Bellingham Food Co-op 1220 N Forest St. Bellingham, WA 98225 
9 Table of Contents 
 
9 
 
GLOSSARY OF TECHNICAL TERMS AND ABBREVIATIONS 
 Balanced cut and fill road – a technique employed in road construction where a partial 
bench is cut in a slope and the excavated material is piled on the downslope side. This 
practice often leads to erosion and mass wasting. 
 Berm – a barrier between two areas, intended to keep liquids contained on either side.  
 Blueschist metamorphosis – a process of chemical change in minerals caused by high 
pressure and varying temperature exposure, characteristic of convergent plate 
boundaries, especially subducting oceanic plates. 
 Colluvium – geologic material that has been deposited at the toe slope of the edifice 
from which it eroded. 
 Dry steam geothermal power plant – a geothermal power plant where the extracted 
steam is superheated and can be used to drive turbines. This is the simplest type of 
geothermal power plant. 
 Edifice collapse – mass wasting event or landslide caused by unstable rock sliding down 
the flanks of a steep slope, often volcanic. 
 Evapotranspiration – The process by which plants draw in water from the soil and 
release it from their leaves to the atmosphere 
 Extraction well –Well used for pumping hot water out of underlying rock 
 Flash steam geothermal power plant - a geothermal power plant that extracts water 
that is slightly below boiling. The water is passed through a low-pressure chamber to 
induce flash boiling, which turns the turbine. 
 Hydrogen sulfide (H2S) – a gas commonly dissolved in geothermal fluid. Hydrogen 
sulfide has an unpleasant odor but is not toxic. It is the pollutant of largest concern for 
geothermal power plants, but is not emitted by those using a binary system.  
 Hydrostatic pressure - the pressure exerted by water within the pore space of soils. 
 Injection well – Well for pumping cool water into underlying rock 
 Mass wasting - an event where geologic material cannot support itself and flows 
downhill under the force of gravity. 
 Megawatt- a unit of power, equal to one million watts.  
 Metasedimentary – Sedimentary rock that has been metamorphosed 
 Pluton – a formation of igneous rock, formed underneath the earth’s surface when 
molten lava or magma is forced into cracks or between other layers of rock.  
 Polycyclic Aromatic Hydrocarbons (PAHs)- A group of chemicals that are formed during 
the incomplete combustion of fossil fuels. 
 Revegetation – The planting of native species on bare soil  
 Rilling – Water erosion resulting from channeling surface water  
 Riparian zone – the interface between land and a water body.  
 Salmonid – members of fish family Salmonidae. This family includes salmon, trout, char, 
freshwater whitefishes, and graylings. 
 Tailings – rock chips recirculated to the surface during the well-drilling process. 
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 Thermal gradient well (TGW) – a well up to a mile deep and less than 10 inches wide, 
dug during the scoping process for evaluation of the suitability of geothermal reserves 
for energy production. 
 Well pad – The cleared and leveled surface used for accessing injection, extraction, and 
thermal gradient wells. 
List of Acronyms: 
 BLM – United States Bureau of Land Management  
 BMP – Best Management Practices 
 BOPE – Blowout Prevention Equipment 
 MBSNF – Mt. Baker-Snoqualmie National Forest 
 MW – Megawatt 
 O&M – Operations and Maintenance 
 TGW – Thermal Gradient Well 
 USFS – United States Forest Service 
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1. INTRODUCTION 
1.1. EXECUTIVE SUMMARY 
Geothermal reserves represent a source of energy production with a remarkably low impact on 
the environment. Geothermal power plants do not rely on fossil fuels, so they avoid the 
associated emissions associated with combustion reactions and fuel transport. Because water 
can be pumped through the system continuously, geothermal power is more reliable than other 
forms of clean energy such as wind and solar power. The relatively low temperature of the 
geothermal resources at Mt. Baker makes the lease site suited for the construction of a binary 
geothermal power plant, which is the newest and most technologically-advanced system for 
geothermal power production. The binary system is the cleanest and “greenest” of the three 
types of geothermal power plants. 
In all geothermal plant systems, deep wells must be dug in order to pump hot waters out of the 
ground. Dry steam power plants involve the turning of turbines directly using the hot steam, 
and this represents the simplest method of energy harvest. Flash steam power plants update 
the previous method by pumping the waters into a low-pressure tank and using the resultant 
flash steam to turn the turbines. Both of these plant types emit steam and geothermal vapors 
to the atmosphere, resulting in emissions of steam and geothermal dissolved gases. Another 
issue with many older geothermal plants is that they do not re-inject spent fluids into the 
reservoir. Such emptying of geothermal aquifers can pose a threat of edifice collaps e due to the 
resulting reduced stability of the rock. 
In contrast, the binary system alleviates these impacts by enclosing the extracted hot water in a 
“closed-loop” pipeline, and injecting the spent, cool water back into the ground for reheating. 
Because the fluid is never exposed to the air, dissolved gases cannot be emitted. Thus, 
geothermal power plants have operating emissions approaching zero. Injecting the water back 
into the ground greatly reduces the impacts on stability that occur when underground aquifers 
are emptied.   
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Figure 2: Diagram of a typical binary geothermal plant. 
Before the extracted water is re-injected, it passes through a heat exchanger within the power 
plant. The heat exchanger transfers the heat energy from the extracted water to an adjacent 
pipe containing a low-boiling liquid, most commonly isopentane (Stelling, 2013). This secondary 
fluid gets vaporized, which drives the turbine. The fluid is then cooled via either an air or water 
condenser and recycled for reuse. 
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1.2. PROPOSED ACTION: 50 MW POWER PLANT 
The objective of the Mt. Baker geothermal power plant project is to harvest geothermal heat in 
subsurface rock for the production of electricity in a binary power plant. In order to accomplish 
this task, wells must be drilled to pump water out of, and inject water into, the underlying 
substrate.  The three phases of the project would include: 1) a scoping process to determine 
the viability and extent of the geothermal resource, 2) construction of wells and pipelines as 
well as power plant and electric lines, and 3) an operation phase during which the plant would 
produce energy.   
The full buildout scenario would require 25 acres for the construction of a 20 MW and a 30 MW 
power plant, and up to 367 additional acres of development for the injection and extraction 
wells, pipelines, and electrical lines with their corridors and access roads (Rybach, 1981). The 
scoping process would include exploration, geologic mapping, geophysical surveys, gravity and 
magnetic surveys, seismic surveys, resistivity surveys, shallow temperature measurements, 
road access, and thermal gradient wells (TGWs). All of the surveys would require a small crew 
of geophysicists and light vehicle traffic. The TGWs would require a heavy truck mounted 
drilling rig and the clearing of roughly an acre of land total. The drilling would cause a lot of 
noise and would require a mud pit for drilling mud and tailings. The TGW drilling would have 
the greatest impact within the scoping phase of the project. If the TGWs determine that the 
there is good geothermal potential on the site, then the construction phase can commence. 
There is be a large quantitative difference in impacts between the proposed and alternative 
actions, but little qualitative difference.  
Preexisting roads would need to be repaired and new roads built for access to the power plant 
and well pad sites. The area disturbed for road improvement and construction would likely be 
32 acres for the proposed action. Excavators and bulldozers would be used for shaping and 
compacting the subgrade and then two inches of gravel would need to be brought on site and 
compacted as necessary. Constructing the power plant would also require the leveling of 
foundations, laying of concrete pads and bringing in and assembling materials for the 
generator, housing, and monitoring systems. Pipes would also need to be laid from the 
extraction wells to the power plant, and from the power plant to the injection wells, in order to 
transport the groundwater. Ten well pads would be needed to support 10 injection and 25 
extraction wells for the 50 MW capacity proposal (Gillman, 2013).  
The operating phase would have little environmental impact and the power plant would be 
producing energy at a steady rate with few emissions or maintenance needs.  
 
14 Alternative Actions 
 
14 
 
1.3. ALTERNATIVE ACTIONS 
Alternative Action: 25 MW Power Plant 
The alternative action of a 25 MW power plant could require as little as 53 acres of 
development by limiting access roads and transmission line length, as well as the number and 
size of the well pads. Due to decreased road length and fewer injection/extraction wells, the 
impacted area of the 25 MW plant would be 30 percent less than that of the proposed 50 MW 
plant. Scoping procedures would be identical to those performed for the 50 MW plant. 
Construction actions for the alternative 25 MW power plant would be qualitatively identical, 
but there would be fewer wells and foundations built, as well as less disturbed acreage from 
roads and pipelines. The alternative power plant could require only 4 acres of disturbed area 
for roads and 15 acres for the power plant itself. There would likely be 5 well pads for a 25 MW 
power plant, supporting 10 extraction wells and 5 injection wells (Gillman, 2013). The same 
heavy equipment would be used for construction, drilling, and road creation, but construction 
time would be shorter. Operating impacts would be very similar to the those of the 50 MW 
action.  
No Action 
The no action alternative would terminate the project either before any surveying, or based on 
the results of initial surveying.  It is possible that development could halt at any point in the 
scoping process if the site is determined to be unfit or the injection wells are ineffective. The no 
action alternative could have impacts if TGWs were dug before the site was abandoned. For this 
reason the no action alternative could have no impact, if only ground surveying was conducted, 
or it could have equal impact to the proposed and alternative actions if the TGWs were fully 
completed, during the scoping process, before the project was terminated. There would be no 
impacts from construction or operations with the no action alternative.  
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1.4. IMPACT MATRIX 
Table 2: Impact matrix 
Environmental Element Scoping Construction Operation 
Earth 
Geology 
Soils 
 
L* 
S* 
 
L*** 
L** 
 
L* 
N 
Air 
Air quality 
Odor 
 
S* 
S* 
 
S* 
S** 
 
L* 
N 
Water 
Surface water 
Groundwater 
 
S* 
S* 
 
S** 
L* 
 
L* 
L* 
Wildlife 
Habitat 
Unique Species 
Migration 
 
L* 
S* 
S* 
 
L** 
S* 
S* 
 
L* 
L* 
L* 
Energy & Natural Resources 
Amount Required 
Availability 
 
N 
N 
 
S* 
N 
 
N 
L** 
Environmental Health 
Noise 
 
S** 
 
S* 
 
L* 
Land Use 
Relation to existing plans 
Light/Glare 
Access 
 
S* 
N 
S* 
 
S* 
N 
S* 
 
S* 
N 
L* 
S – Short term (<1 year)     
L – Long term (>1 year) 
N – No impact  
 
* Minimal impact 
** Moderate impact 
***Significant impact 
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2. ELEMENTS OF THE NATURAL ENVIRONMENT 
2.1. EARTH 
2.1.1. Geology 
a) Site Aspects 
The North Cascades Range lies along the subduction margins of the Juan De Fuca plate and the 
North American continental plate. Much of the landmass west of the Cascades is an accretion 
of oceanic sediments, continental plate, and even material from uplifted oceanic plate. Much of 
this material has been submitted to high-pressure blueschist metamorphosis, altering the state 
of the minerals and forming gneiss, slate, and other metamorphic rocks (Lasmanis, 1991). The 
subducting oceanic plate introduces water into the upper mantle, which vaporizes and causes 
volcanic action along the Cascade Range. Igneous eruptions of effusive basalts or explosive ash 
and tephra comprise a large amount of surface mineralogy in soils near volcanic activity such as 
MBSNF. Plutons of intrusive igneous rocks like granite are exposed through erosion and 
contribute to the geology of the Cascades. The diversity of rock types makes the North 
Cascades a valuable area for mineral extraction. Historically, precious metals such as copper, 
silver, and gold as well as molybdenum and tungsten were mined in the area. There is also an 
olivine mine currently in operation at Twin Sisters (BLM, 2008).  
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Figure 3: Cascadia subduction zone 
(Image by Robert J. Lil l ie http://www.ohs.org/exhibits/traveling-exhibits/150-mill ion-years/the-assembly-
continues-cascadia-subduction-zone.cfm) 
Mt. Baker has experienced geothermal activity since its formation over 40,000 years ago. The 
surrounding Cascade Range has exhibited this volcanism for over 36 million years (Hildreth, 
2003). The volcanism is fueled by felsic magma pushed up by pressurized water vapor from the 
subducted oceanic crust. This energy source will exist indefinitely and is unlikely to be depleted 
by use. The fault has been a geologic hotspot for millions of years and is a promising prospect 
for geothermal power (BLM, 2008).  
Subsurface mineral deposits at higher elevations and exposed ridges are primarily andesite and 
basaltic bedrock from volcanic eruptions (Tucker, 2007). Mt. Baker is a stratovolcano, which is 
characterized by layers of bedrock that lie perpendicular to the surface as a result of being 
sequentially extruded and flattened over preexisting surfaces (Crider, 2011). This inter-layering 
of solid rock and mixed debris has great potential for isolating pockets or strata of geothermal 
water ideal for the extraction wells. Sometimes, there is a geothermal hotspot, but all of the 
bedrock is impermeable to water and the energy is inaccessible. In these situations, it can be 
necessary to insert charges to fracture the bedrock to open up fissures so that the medium will 
conduct water to an extraction well. Fracturing of bedrock to increase surface area would 
probably be unnecessary for this project due to the interlayering of permeable and 
impermeable layers of bedrock, thus cutting back on the risk of chemical contamination or 
seismic events (Stelling, 2013).  
There has been long-term exposure of fissures to geothermal water, which has the potential to 
compromise rock structure and increase the probability of large-scale edifice collapse on the 
flanks of Mt. Baker (Warren, 2006). Carbon dioxide is converted to carbonic acid in water, 
which can corrode rock minerals over time and weaken their structural integrity (Milestone, 
1986). These weakened rocks pose a risk of releasing from the mountainside and s liding 
downhill in debris torrents lubricated by the geothermal water within them (Hodge & Crider, 
2010).  
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Mt. Baker has erupted 13 times in recorded history and has experienced a multitude of 
mudflows and debris torrents (Hidreth, 2003). Areas of the geothermal lease lie in prospective 
paths of debris flows and some higher altitude areas are within the pyroclastic flow hazard 
zone, suggesting they could be inundated during a seismic event or eruption (U.S. Geological 
Survey, 1995; U.S. Bureau of Land Management, 2008). 
Foothills are of mixed lithology but consist primarily of metasedimentary and metavolcanic 
rocks as well as solidified pyroclastic deposits , which have been eroded by rivers and glaciation. 
The combination of unconsolidated new deposits and older, highly weathered parent materials 
can result in highly unstable conditions. The steep slopes and non-homogeneous media result 
in a risk of mass wasting in the form of slumps and landslides, especially with the introduction 
of roads (Keinholz, 1984).  
The valleys consist of glacial till of mixed origin and lahar debris, both of which have good 
stability due to diverse class sizes and high angularity (Lasmanis, 1991). These sediments are 
well settled and of a low grade, further lending to their stability. The valleys are the most 
accessible and least hazardous places to construct drilling wells. Their low relative elevation 
makes them closer to potential geothermal hotspots, thus requiring fewer disturbances from 
drilling and accessibility. 
b) Scoping Impacts   
Thermal Gradient Wells 
In order to test the viability of proposed injection and extraction wells, TGWs would first need 
to be dug to establish a profile of geothermal activity in the area. There could be anywhere 
from 10 to 20 TGWs dug for a 50 MW power plant as proposed with the full-scale installation. 
TGW drilling would require about one acre of cleared land, including the excavation of a 
retention pit for the drilling mud used to lubricate the drill head and circulate up the tailings 
(Yousefi, 2009). Most of the tailings would be taken off site for further analysis and not 
returned, totaling roughly 10 palates of rock per well (Stelling 2013). A truck-mounted drilling 
rig would bore through over 100 m of underlying geologic material and probes would be 
inserted to test the temperature at varying depths.  
The geologic impacts related to TGWs would be minimal as the hole is only about 4-10 in. 
broad. The changes in hydrology from connecting underground reservoirs could cause chemical 
alteration of bedrock and decrease stability of the bedrock, potentially increasing the likelihood 
of edifice collapse (Warren, Watters, & Tucker, 2006; Milestone, 1986). 
During the scoping process for the alternative action the same number of TGWs would likely be 
dug in order to assess the thermal potential of the site. There would be equal impact from each 
TGW and there is no way to mitigate or minimize the effects from such procedures. It is 
possible that the analysis of TGW results would lead the investor to decide to abandon the site. 
In the event that no power plant was built (the no action alternative), there would be no need 
for TGWs and therefore no ensuing impacts.  It is also possible that TGWs would be dug but the 
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results would result in abandonment of the site in which case the TGWs would be drilled but no 
further construction would take place.  
Resistivity surveys 
Resistivity surveys would involve a crew coming on site to dig a number of small pits and put in 
conductivity equipment to analyze the electrical resistivity of the soils (Anderson 1979). These 
surveys allow the mapping of subsurface geology. Because these pits would not likely extend 
into the underlying geology, they would not have geologic consequences  (Stelling, 2013).  
c) Construction Impacts 
Roads 
Much of the leased area is designated roadless and any construction of well  pads or power 
plants would need to be very near to preexisting logging roads. Nevertheless, roads would still 
be built on the areas where it was permitted and the USFS in MBSNF estimates that 0.25 miles 
of road at a width of 30 feetfoot would need to be built for each well on average (Gilman, 
2013). This would result in up to nine miles of road for the proposed action, resulting in 32 
acres of disturbed area (Rybach & Muffler, 1981; Gilman, 2013). 
The alternative action would only require only half a mile of roads to be constructed, which 
would disturb four acres of forest (Rybach & Muffler, 1981; Gilman, 2013). The no action 
alternative would not require any roads to be built, so there would be no geologic impacts 
related to road building.  
Geologic impacts from road construction would be minimal and would be related to the use of 
glacial and volcanic deposits for building material. Colluvium from moraines and lahar flows 
would likely be transported and compacted during road construction (Kienholz, 1984). Any 
gravel would be sourced from off site at quarries in Concrete, WA.  
Power plant construction 
A 50 MW power plant like the proposed action would require approximately 25 acres of cleared 
and compacted land for access construction, storage and maintenance (Gilman, 2013). These 
building pads would require hundreds of cubic yards of geologic material likely coming from on 
site and possibly some gravel trucked in from quarries in Concrete. The topography of the 
geologic materials would be permanently altered by the construction of the power plant but 
this would not compromise stability of other geologic environmental features. New geologic 
material would be brought on site for construction in the form of gravel and concrete likely 
totaling over 10,000 cubic feet (Windram, 1982). These materials would be sourced from 
Concrete WA.  
The alternative 25 MW power plant would require 15 acres of cleared and compacted land for 
access construction, storage and maintenance (Gilman, 2013). There would be only quantitative 
differences in the impacts proportionate to the area of land disturbed. The no action alternative 
would not require the construction of a power plant and no geologic impacts would result.  
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Injection/extraction well impacts 
Drilling the injection and extraction wells and laying the well pads would require vast 
modification of the underlying geologic materials resulting in permanent alterations. The 
average size of disturbed surface for a single well pad is highly dependent on site-specific 
characteristics and can vary from 0.7 to five acres per well pad. A 30 MW to 50 MW power 
plant usually requires between five to 10 well pads to support the 10 to 25 extraction wells and 
five to 10 injection wells (Gilman, 2013). Multiple wells are often placed on the same well pads 
for ease of access and to minimize impacts. The well pads would require the leveling and 
compaction of large areas of rock and sediment, especially if the well sites resided on a hillside 
or if there was bedrock near the surface, affecting the topography and possibly altering the 
geologic stability of the site. The heavy machinery used for digging could require lateral 
extensions of the roads, which would require more gravel sourcing on and off site. The well pad 
itself requires the pouring of a slab of concrete likely taking up 1,000 cubic feet of material 
which would need to be trucked in from Concrete, WA. (Windram, 1982). 
The most substantial geologic impacts would result from the active drilling of injection and 
extraction wells. These wells can be thousands of feet deep and over one foot wide, creating a 
large amount of slag that must be disposed of. Usually this slag is incorporated into the well pad 
and has little impact. Pockets of superheated steam can be encountered when drilling wells and 
this could result in blowout of drilling equipment. A blowout would likely scatter tailings over a 
large area aboveground and much of the drilling mud can spill over areas other than the 
retention pit. For this reason, all drilling rigs require sophisticated blowout-prevention 
equipment to counter the pressure of upwelling steam or drown the well in cold water before a 
blowout can occur (Wygle, 1997). Other impacts from drilling the well would be fracturing of 
the bedrock and connection of hydrologic pockets. The immense pressure and vibration from 
drilling inevitably fracture the surrounding bedrock, which can decrease stability and increase 
the likelihood of mass wasting in the future (Grant, 1988). Even though the wells are lined with 
impermeable sealants of steel and concrete, geothermal waters can leak around the casings. 
These waters are acidic due to the presence of carbonic acid, and could compromise stability by 
corroding the concrete and bedrock (Milestone, 1986). A large quantity of tailings would be 
excavated from the digging of the well but these would be incorporated into the compacted 
well pad, limiting their impacts and lessening the demands of importing crushed rock for the 
well pad surface.  
The alternative action would have the same risks associated with well drilling but only 10 well 
pads would be needed for the 15 wells likely to be drilled. BOPE equipment would still be 
required and the vibrations and hydrologic connectivity would still have the potential to 
compromise the stability of the bedrock (Wygle, 1997; Milestone, 1986).(Wygle, 1997; 
Milestone, 1986). The no action alternative would not require the construction of any wells or 
well pads and consequently there would be no geologic impacts.  
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d) Operation Impacts 
Injection/ Extraction Wells 
Injection wells pump pressurized water into the ground to promote flow to the production 
wells. The flow of water over fissures in bedrock would increase chemical weathering rates in 
the geothermal aquifers. Increased hydrostatic pressure from the pumps would push rocks 
apart and increase the probability of edifice collapse by giving rock fragments a cushion of 
lubricant on which to slide, if given a substantial seismic trigger (Warren, 2006).  
2.1.2. Soils 
a) Site Aspects 
There is limited soil data on the MBSNF as the last USFS soil survey took place in 1969 and 
defined three soil types in the lease area according to parent material, altitude, and slope 
(Snyder, 1970). These three soil types develop on bedrock, glacial deposits, and valley 
colluvium.  
The high altitude soils forming on bedrock are thin and gravelly with high stability due to the 
proximity and strength of andesitic or granitic bedrock (Snyder, 1970). They may be 
interspersed with talus slopes and rock outcrops. These soils are present within the lease area 
but would likely be excluded from use because of their high altitude and steep grades. No 
environmental impacts would result on these soils from the proposed, alternative, or null 
actions. 
Steep, midslope soils can consist of ‘deep glacial soils’ or ‘shallow residual soils ,’ depending on 
the history of glaciation. Both sit atop highly weathered metasedimentary and metavolcanic 
deposits of steep grade, making them prone to mass wasting. Deep glacial soils developed on 
glacial till deposits and are very gravelly, coarse, well-drained soils. The shallow residual soils 
develop from the weathered bedrock and are highly erosive. Numerous management issues 
exist with road development on these soils and flowing surface water could contribute to 
erosion and mass wasting (Snyder, 1970).  
Soils developing on the valley floors have highly stable parent materials of both recent lahar 
and pyroclastic deposits interspersed with glacial till and more recent alluvial sediments.  These 
soils are well-drained, stable, and shallow grade, and often have a high water table for most of 
the (Snyder, 1970). 
b) Scoping Impacts 
Thermal Gradient Wells  
Drilling the TGWs would require heavy machinery on top of one acre of land disturbance and 
would result in compaction and increased erosivity over a number of days. The drilling mud pit 
would require the removal and relocation of 200 cubic feet of soil, and spills of drilling mud and 
tailings could change the consistency of clays and rock in the soil but no toxicity would result.  
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Seismic surveys 
Seismic surveying which requires the placing of probes and detonation of underground charges 
would have negligible impacts on soils as the detonations occur within the bedrock or the 
scientists wait for a seismic event that delivers large enough waves through the bedrock to 
determine the rock types.  
Resistivity surveys 
Resistivity surveys would involve a crew coming on site to dig a number of small pi ts and put 
equipment in to analyze the electrical resistivity. These surveys would result in temporary holes 
that would be refilled upon completion after a number of weeks.  
c) Construction Impacts 
Roads 
Although a large portion of the southwest corner of the lease is designated roadless, up to nine 
miles of road and between four and 32 acres would be needed for development, depending on 
the scope of the project. We based our analysis on the assumption that 32 acres would be 
required for the proposed action and four acres would be required for the alternative action 
with mitigation (see section 2.1.1c) We based our analysis on the assumption that 32 acres 
would be required for the proposed action and four acres would be required for the alternative 
action with mitigation (see Section 2.1.1c, Roads) (Gillman 2013). 
These roads would require the removal of the top three feet of the deeper glaciated soils and 
only one to two feet of the shallow residual soils. These soils would be carried to stable valley 
areas and compacted so as to prevent erosion and slope loading. Revegetation measures would 
be implemented for the proposed and alternative actions to mitigate erosion of cut slope. For 
the roads built on highly weathered metasedimentary deposits, balanced cut and fill road 
construction would overload slopes and full bench road construction would be necessary. 
Heavy machinery and excavation would expose soils directly to erosive forces and sediments 
would be washed into gullies (Kienholz, 1984). Road construction also alters hydrology of 
hillsides and can cause heavily saturated areas that are more prone to mass wasting. This would 
be especially evident on steeper grade slopes with heavy machinery passing regularly. 
Impermeable road surfaces channel water and this can lead to erosion if not properly managed. 
Poorly designed culverts result in rilling and channeling of roadsides , which contribute to 
erosive losses. A potential mitigation measure to reduce risk of mass wasting and stream 
siltation would be to put all extraction wells and power plants outside of the riparian buffer 
zone in valleys so as to avoid using roads on steep and unstable slopes.  
The alternative action would have much fewer impacts because only 0.5 miles instead of nine 
miles of roads would be constructed (Gilman 2013). The impacts would be proportionate to the 
amount of road construction and would be 1/18th that of the proposed action. The no action 
alternative would not require the construction or maintenance of roads  so no soil impacts 
would result.  
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Figure 4: Culvert erosion 
 (USDA Forest Service photo http://www.flickr.com/photos/earthfixteam/7777417856)  
Injection/ Extraction Wells 
The proposed action would require 10 well pads for up to 25 injection or extraction wells. Each 
well pad could require the leveling of anywhere from 0.7 to five hectares (see section 2.1.1c, 
Injection/Extraction Well Impacts). The drilling of the wells would impact the consistency of the 
soils as large retention pits would be dug for the drilling mud and rock chips. These pits would 
be filled in but only soils in the immediate area around the well would be affected. The majority 
of the impacts on soils would be from the excavation and relocation of topsoil in the well  pad. 
The organic layer would be removed and compacted in a stable area with minimal risk of 
erosion. There would be substantial soil losses and the well pads would not regenerate healthy 
soils due to the elimination of vegetation and topsoil on site.  
The alternative action would require about five well pads for up to 10 injection wells. Each well 
pad could require the leveling of anywhere from 0.7 to five hectares (see section 2.1.1c, 
Injection/Extraction Well impacts). The organic and upper mineral horizons would need to be 
relocated and revegetated to prevent erosion. The soil would experience significant impacts 
from relocation and exposure to runoff from impe rvious surfaces of the well pads. The no 
action alternative would not require any construction of wells or well pads and the soil would 
not experience any impacts.  
Power Plant 
The power plant construction would have nearly identical soil impact characteristics as the 
injection and extraction well pads except that it would be much larger and there would be nu 
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buried drilling mud or tailings. The proposed 50 MW power plant would require 25 acres of 
cleared and leveled area for access, construction and maintenance (Rybach & Muffler, 1981). 
Construction of water-conducting pipelines between the power plant and well pads would 
require footings every 15 feet on average for stability, which would be dug into the soil up to 
five feet deep and set with concrete. There would be displaced soil around the footings that 
would be more prone to erosion until it was revegetated. The water pipes would require a 30 
feetfoot swath, which would contribute significantly to the erosion from impaction and runoff.  
The proposed action would have 25 acres of cleared trees and excavated topsoil with significant 
short and long-term impacts to the soil. Impermeable surfaces 
The alternative action would have 10 well pads instead of the 25 for the proposed action 
resulting in a total of 15 acres if disturbance (Gillman 2013). The distance of pipeline for the 
alternative action would likely be less than half that of the proposed action. The no action 
alternative would not require the construction of a power plant or water conducting pipelines 
and there would be no soil impacts.  
Power Lines 
The transmission lines would require a 40 foot corridor to be cleared through the woods and 
would likely connect to the grid at the hydroelectric plant at the bottom of Baker Lake. This 
could require five miles in length for a total of around 25 acres of disturbed area (Gillman, 
2013). This disturbance would be equal for the proposed and alternative action unless the 
power plant could be constructed closer to the utility grid. The no action alternative would not 
require power lines to be built, so there would be no impacts to soils. 
Soil would be directly disturbed for installation of the footings of the power lines and could lead 
to erosion. The loss of forest would greatly impact soil stability especially on steeper slopes 
with deep glacial soils where it would increase the risk of mass wasting. Less foliar protection 
from rainfall would increase erosion in the underlying soils and decreased rates of 
evapotranspiration would cause saturated conditions contributing to erosive runoff and 
instability. 
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Figure 5: Soil unit stability in and around proposed lease area 
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d) Operation Impacts 
Roads 
Aside from the four to 32 acres of newly constructed road for the alternative and proposed 
actions, respectively, there would be many miles of old logging roads utilized for access to the 
well sites. These roads would require occasional maintenance involving excavation and 
resurfacing or culvert replacement. Runoff from semi-impermeable road surfaces would erode 
the soil and increase the risk of landslides due to saturation. Soil loss would be the most 
significant impact but this would result in poor water quality and increased siltation of creeks 
(Section 2.3.1).  
There would be less impact from the alternative action than the proposed action because less 
maintenance vehicles would be used with a smaller number of wells. The no action alternative 
would still have soil impacts from existing logging roads but they would be less severe because 
no vehicles would use them.  
2.1.3. Unique Physical Features (Seismology)  
a) Site Aspects 
MBSNF is a geologically active area, exhibiting continued volcanism and uplift. The subduction 
of the Juan De Fuca plate causes immense pressure and can lead to seismic activity. The 
pressure of rising magma can also create fractures and instability in subsurface rock, increasing 
the probability of earthquakes. 
Risk of Seismic Activity 
Noise and vibration associated with the drilling of the TGWs and injection or extraction wells 
would not trigger seismic activity but could increase the impacts of a seismic event. Any 
earthquakes that could cause substantial damage would originate far away; the stability of the 
underlying bedrock would determine if mass wasting would occur. The heated, acidic 
groundwater could weaken bedrock structure and make it more prone to large slides , especially 
on steeper slopes. As mentioned earlier, the drilling of TGWs and Injection or Extraction Wells 
could contribute to underground chemical weathering from geothermal waters. 
b) Proposed Action 
The proposed action will likely result in the most significant impacts because the most wells 
would be dug and the underling rock would be subjected to more flowing geothermal water. 
We could not find any sources indicating the ability of the proposed action to increase the 
probability of a seismic event. It is well documented that the proposed action would increase 
the impacts in the event of a natural seismic event. Exposure to acidic geothermal water and 
machinery and drilling vibrations could weaken the work structure and contribute to chemical 
weathering (Grant, 1988; Milestone, 1986). 
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c) Alternative Action 
The alternative action would have similar impacts of destabilizing the underlying geologic 
material but would be about half as significant due to the decreased size of the installation.  
d) No Action Alternative 
The no action alternative would have no impacts on the stability of underlying geologic material 
or the likelihood of mass wasting or seismic events.  
2.2. AIR 
2.2.1. Air Quality 
a) Site Aspects 
Due to the lack of development and thin population density in the surrounding area, air quality 
at the lease site is generally excellent. The major sources of emissions in the area are vehicles 
traveling along Baker Lake Hwy and unpaved USFS roads, and snowmobiles used by 
recreationists in the Sno-Park within the site boundaries (U.S. Bureau of Land Management, 
2008). 
Geothermal water contains several dissolved gases, most notably hydrogen sulfide, carbon 
dioxide, methane, and ammonia. Concentrations of these gases in geothermal fluids are site-
specific. Hydrogen sulfide is the pollutant of most concern for geothermal power plants, 
although it is primarily regulated due to its disagreeable smell (Geirsson & Hrolfsson, 2010). It is 
toxic only in very high concentrations, which are rare even in industrialized areas and would not 
be incurred as a result of the proposed action. Once in the atmosphere, hydrogen sulfide 
degrades to sulfuric acid and sulfur dioxide (Bowyer, 2003). Although high concentrations of 
sulfur dioxide can cause temporary forms of breathing impairment for those exposed, the 
degradation process takes time in the atmosphere to occur, during which molecules have time 
to disperse. Thus, risk of impacts from sulfur dioxide is negligible (Bowyer, 2003). 
Carbon dioxide and methane are greenhouse gases. Increasing concentrations of greenhouse 
gases in Earth’s atmosphere are the driving force behind anthropogenic climate change. 
Emissions of ammonia result in atmospheric nitrogen deposition, which has harmful effects on 
ecosystems. For instance, nitrogen deposition to water bodies can lead to overstimulation of 
primary productivity, and eventually eutrophication (Geirsson & Hrolfsson, 2010). That said, 
concentrations of these pollutants in geothermal fluid are low (Bargagli, Canteni, Nelli, 
Olmastroni, & Zagarese, 1997). A binary power plant, in particular, would emit negligible 
amounts of all pollutants associated with geothermal waters. 
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Table 3: Summary of atmospheric emissions of common pollutants released by various types of power plants. 
Power Plant Type 
CO2 
(kg/MWh) 
SO2  
(kg/MWh) 
NOx  
(kg/MWh) 
Particulates  
(kg/MWh) 
Coal-fired 994 4.71 1.955 1.012 
Oil-fired 758 5.44 1.814 (not available) 
Gas-fired 550 0.0998 1.343 0.0635 
Geothermal: 
Flash-steam power plant 
27.2 0.1588 0 0 
Geothermal: 
Dry steam power plant 
40.3 0.00001 0.00001 Negligible 
Geothermal: 
Binary cycle power plant 
0 0 0 Negligible 
EPA average, all U.S. plants 631.6 2.734 1.343 (not available) 
b) Proposed Action 
Scoping Impacts 
Construction vehicles and rigs 
Emissions resulting from the scoping process would be released by construction vehicles and 
large rigs used to dig the TGWs (U.S. Bureau of Land Management, 2008). These vehicles and 
rigs would run on diesel fuel. Diesel exhaust is made up of two main parts the gases and soot. 
The gas portion of the exhaust is mostly carbon dioxide, carbon monoxide, nitric oxide, nitrogen 
dioxide, sulfur oxides, and hydrocarbons, including polycyclic aromatic hydrocarbons (PAHs). 
The soot (particulate) portion of diesel exhaust is made up of particles such as carbon, organic 
materials (including PAHs), and traces of metallic compounds  (American Cancer Society, 2013).  
Studies have found a positive correlation between diesel exhaust exposure and cancer. The 
PAHs found within diesel emissions are reasonably anticipated to be human carcinogens as well 
(ATSDR, 2013).  Releases of diesel exhaust could pose a minor threat to nearby wildlife and 
recreationists for the duration of the construction period. However, it is worth noting that 
subsequent clean energy production would more than compensate for the limited emissions 
released during this period. 
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Geothermal waters 
Geothermal waters encountered during drilling of TGWs could potentially release small 
amounts of dissolved gases to the atmosphere (Holm, Jennejohn, & Blodgett, 2012). Such 
emissions would be negligible in concentration. 
Construction Impacts 
Construction vehicles and rigs 
Whereas TGWs are about a mile deep and 4 in. in diameter, injection and extraction wells can 
be thousands of feet deep and over one foot wide (Gilman, 2013). Thus, drilling them would 
require correspondingly more or larger construction rigs and a longer construction period. 
Releases of diesel exhaust would impact air quality in the area for the duration of the 
construction phase.  
Geothermal waters 
Geothermal waters encountered during drilling of injection and extraction wells could 
potentially release small amounts of dissolved gases to the atmosphere (Holm, Jennejohn, & 
Blodgett, 2012) . Such emissions would be negligible in concentration. 
 Operation Impacts 
Binary geothermal power plants have atmospheric emissions very close to zero. The plant’s 
primary emission during standard operation would be water vapor from the condenser (unless 
air-cooling systems were installed). The purpose of the condenser is to collect and cool the 
secondary, low-boiling fluid after it turns the turbines. This way it may be cycled through the 
system again and re-vaporized. Heat from the secondary fluid is transferred to cool water in the 
condenser, some of which gets vaporized and emitted to the atmosphere through the cooling 
tower. This would impact air quality in the area by creating a thermal gradient above the 
cooling tower. However, whereas older plant types emit large plumes of geothermal steam, the 
small amount of steam generated by binary plants is not visible and does not contain the 
pollutants associated with geothermal steam. Therefore, adverse impacts resulting from the 
release of steam would be minimal. 
Construction vehicles and rigs 
Diesel-powered vehicles would be expected to travel to and from the site for standard 
maintenance practices. In the event of a pipeline rupture or other system failure, construction 
equipment would need to be brought in for repairs (Gilman, 2013). These intermittent activities 
would release limited amounts of diesel exhaust. Air quality would return to normal soon after 
repairs were finished. 
Geothermal water 
During the operation of a binary geothermal power plant, extracted geothermal water is 
contained in a closed loop, and therefore no dissolved gases within the fluid are released 
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(Awwad Ali Al-Dabbas, 2009). In the event of a pipeline breakage, geothermal fluid would be 
released to the environment and any dissolved gases would be emitted to the atmosphere. The 
pollutant of most concern in this scenario would be hydrogen sulfide, due to its unpleasant 
odor (Holm, Jennejohn, & Blodgett, 2012). The impacts on air quality from such a spill could be 
significant for nearby wildlife and recreationists, but impacts would be temporary. 
c) Alternative Action 
If a 25 MW power plant were built, fewer injection, extraction, and TGWs would need to be 
built, thus decreasing the likelihood and concentration of inadvertent hydrogen sulfide 
emissions incurred during drilling (Kagel, Bates, & Gawell, 2007). There would also be fewer and 
shorter pipelines built, which would reduce the probability of a breakage. 
d) No Action 
If no action were taken, there would be no adverse impacts on the environment. There is the 
possibility that TGW results could declare the area unfit for geothermal development ; in this 
case, diesel exhaust and hydrogen sulfide could have a moderate but short-term adverse 
impact on the surrounding environment. No further emissions would occur. 
2.2.2. Odor 
a) Site Aspects 
Air quality surrounding the lease site is excellent due to lack of development. The primary 
sources of anthropogenic odor in the area are vehicles and recreational snowmobiles (U.S. 
Bureau of Land Management, 2008). 
b) Proposed Action 
Scoping Impacts 
During the drilling of TGWs, hydrogen sulfide naturally present in geothermal reserves could 
inadvertently be released to the atmosphere (Kagel, Bates, & Gawell, 2007). This could cause 
mild, but adverse impacts on nearby wildlife and recreationists.  
Diesel exhaust released by construction rigs also has a noticeable, unpleasant smell and would 
adversely impact air quality near well sites during drilling of TGWs. 
Construction Impacts 
During construction, drilling of injection and extraction wells would have similar impacts on the 
environment as would drilling of TGWs during scoping. However, the larger size and greater 
depth (thousands of feet vs. one mile for TGWs) of injection and extraction wells indicates a 
higher probability of accidental releases (Sanyal, Granados, & Menzies, 1995). Odorous 
emissions from geothermal fluids and diesel exhaust would both be more substantial (Gilman, 
2013). The land surrounding the construction areas and well pads would be expected to 
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experience adverse impacts due to odors released during construction. Such impacts would be 
temporary. 
Operation Impacts 
During the operation of a binary geothermal power plant, geothermal fluids are contained in a 
closed loop, and therefore no emissions of noxious fumes would be released from the plant 
during this phase.  Vehicles used for maintenance procedures would release diesel emissions 
(Gilman, 2013). It the event of a pipeline breakage, geothermal fluids would be released and 
hydrogen sulfide would be emitted to the atmosphere. The smell from such a spill could 
substantially impact wildlife and people in the area (Geothermal Energy Association). 
c) Alternative Action 
If a smaller power plant were built, fewer injection, extraction, and thermal gradient wells 
would need to be built, thus decreasing the likelihood and concentration of inadvertent 
hydrogen sulfide emissions (Kagel, Bates, & Gawell, 2007). There would also be fewer pipelines 
built, which would reduce the probability of a breakage and consequent spill. 
d) No Action 
If no action were taken, there would be no adverse impacts on the environment. There is the 
possibility that TGW results could declare the area unfit for geothermal development; in this 
case, diesel exhaust and hydrogen sulfide could have a moderate but short-term adverse 
impact on the surrounding environment. No further emissions would occur. 
2.3. WATER 
2.3.1. Surface Water 
a) Site Aspects 
Baker Lake is located approximately a half mile east of the proposed lease areas and is the 
largest surface water feature in the area. The lease areas are intersected by multiple creeks , the 
majority of which are fed by glacial melt from Mt. Baker. In addition to small unnamed creeks, 
the lease area contains: Morovitz Ck., Sulphur Ck., Dillard Ck., Park Ck., Little Park Ck., Rocky 
Ck., Sandy Ck., and Little Sandy Ck. (R2 Resource Consultants, Inc., 2003). 
These creeks all drain to Baker Lake or to Lake Shannon, which is located immediately to the 
South. These two lakes are drained by Baker River, which is a tributary of the Skagit River.  There 
are three small ponds also located on the lease site, one of which is located along Morovitz 
Creek. Baker Hot Spring is located to the east, outside of the northern portion of the lease area.  
The proposed lease areas are located entirely within the Upper Skagit River watershed, except 
for the SW corner of the proposed lease areas, which is in the S. Fork Nooksack River 
watershed. 
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None of the water bodies located within the proposed lease are currently listed on Washington 
State's 303(d) list as impaired, according to a 2008-2009 water quality survey. The lower Skagit 
River is on the list due to dissolved oxygen and fecal coliform impairments, likely due to 
development in the area (Washington Department of Ecology, 2008). 
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Figure 6: Riparian  buffers in and around the proposed lease area 
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b) Proposed Action 
Scoping Impacts 
TGWs would be drilled to test the viability of the geothermal resource. These wells would be 
drilled away from waterways and should not have significant impact on surface water quality or 
quantity. All drilling fluids and geothermal fluids released during TGW drilling would be stored 
in mud tanks and disposed of off-site. The drilling holes are minimally invasive, about 4 in. 
diameter, (Culver, Chapter 6: Drilling and Well Construction, 1998), and should not have much 
effect on erosion or surface runoff. Each TGW has a variable disturbance footprint, but 
vegetation clearance and soil compaction are predicted to occur over one acre total for TGWs. 
This disturbance could slightly increase surface runoff and sedimentation into nearby 
waterways. The long-term impacts, however, would be minor. Road construction during the 
exploration phase is likely to disturb an additional one to six acres, which could also contribute 
to sedimentation in surface waterways (Gilman, 2013). 
Construction Impacts 
The lease stipulates no surface occupancy within 600 feet of a class 1 or 2 stream, and within 
300 feet of a class 3 stream. Therefore, all well pads, power plant facilities, and transmission 
lines would be constructed away from riparian reserves. Powerplant construction is likely to 
disturb around 25 acres for a 50 MW power plant. Approximately 10 to 15 well pads would be 
required for the project, and typical disturbance footprint is 0.7 to 5 acres per pad (Gillman, 
2013). During construction, surface runoff and erosion due to soil compaction and vegetation 
removal could result in moderate sedimentation in nearby waterways. 
 Once constructed, well pads would include a clay-lined reserve pit to collect surface runoff 
from the well pads, any drilling fluids, and potential geothermal fluids to be disposed of off-site 
according to BMP. It is recommended that berms be utilized to divert off-pad storm water away 
from the pad. 
Construction of geothermal pipelines would require a 25-foot corridor of vegetation clearance 
along the pipelines, and are predicted to disturb 1.5 to seven acres. This could increase soil 
erosion and lead to sediment deposition into surface waterways. This effect would be most 
significant where the pipelines pass through riparian buffer areas and cross over creeks (Lee et 
al., 2000). Crossing of creeks by pipelines would likely be accomplished using an expansion 
loop, and constructed according to the Bureau of Reclamation’s engineering and O&M 
guidelines for hazardous material carrier crossings. Additional road construction and 
improvement is predicted to cause a 30-foot-wide disturbance for 0.5 to nine miles. This would 
also involve vegetation clearance and soil compaction, which could lead to increased runoff and 
sediment deposition in surface waterways. Long-term impacts of both pipelines and roads 
could be minimized by following BMP; such as careful placement, preservation of natural 
drainage areas, and revegetation are the pipeline corridor (U.S. Bureau of Land Management, 
2011). 
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Operation Impacts 
Release of geothermal fluids into surface waters in the immediate area can temporarily impact 
water temperature and cause contamination due to concentrations of heavy metals and 
excessive minerals. Though very rare with proper maintenance, accidental release of 
geothermal fluids could occur due to pipe or valve failures, overflow from the reserve pits, or 
well blowouts during drilling operations (Summers et al., 1980). Blowout-prevention equipment 
at the wellhead would significantly reduce the risk of a blowout, and shut down the well in the 
case of an uncontrolled fluid or gas flow. 
Surface water is often utilized at several points in the geothermal process, including well 
drilling, injecting, and testing of subsurface formations. Hydrologic records for the short and 
long term should be considered before extraction, and any water used in a potentially 
contaminating activity should be properly disposed of off-site. Water would not be necessary 
for the cooling process of the geothermal resource. Because of the high elevation of the site, it 
is assumed that the plant would utilize an air-cooling system which is common in binary 
facilities (U.S. Bureau of Land Management, 2011). 
c) Alternative Action 
If a 25 MW plant were pursued instead of the proposed 50 MW plant, the environmental 
impact would be roughly cut in half. If only one power plant were constructed, the area 
occupied by pipelines and additional roads would be significantly reduced, especially if 
construction were to occur around existing access roads (Gillman, 2013). Approximately half as 
many TGWs and well pads would be required. This would effectively reduce the potential 
amount of sedimentation into lease area waterways.  
d) No Action  
If the geothermal plant is not built, there would be no related construction or testing on the 
lease area, and surface waterways on the site would sustain no additional impacts. 
2.3.2. Groundwater Movement/Quantity/Quality 
a) Site Aspects 
The lease area is located east of the Puget Sound Lowland segment of the Puget-Willamette-
Trough regional aquifer system, which is located beneath a geologic basin stretching from the 
Canadian border to central Oregon. The primary aquifers in the Puget Sound lowland area are 
composed of unconsolidated glacial deposits that can extend as deep as 3,000 feet near Seattle. 
The upper 200 feet are primarily occupied by sand and gravel deposited during the last period 
of glaciation, and compose the most permeable and productive aquifers. At depth, sand and 
gravel are usually found in isolated lenses that may be present as much as 2,000 feet below the 
surface (USGS 1994). 
The aquifer in and around the lease area is composed of undifferentiated volcanic and 
sedimentary rocks formed as far back as the Pliocene era; these include beds of volcanic ash 
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and tuff, silicic volcanic rocks, and semi-consolidated to consolidated volcanic rocks containing 
variable amounts of volcanic material. These layers are intricately interbedded, and the 
permeability between the layers and among the rocks that compose them is highly variable. 
Interflow zones and faults in basaltic lava flows; fractures in tuffaceous, welded silicic volcanic 
rocks; and interstices in coarse ash, sand, and gravel typically yield below 100 gallons/minute 
from wells. Interbedded, nearly impermeable, rock layers can inhibit downward movement of 
groundwater, creating perched water tables (USGS 1994). 
Sand and gravel lenses can yield large quantities of water to wells. These yields are variable, but 
frequently exceed 2,000 gallons per minute. Because of compaction, lenses are commonly less 
permeable as depth increases. Some open spaces in the lenses formed during cooling or folding 
have been filled by unconsolidated alluvial deposits from streams or lakes, secondary clay 
minerals, calcite, or silica. When these materials are fine-grained, they tend to reduce the 
permeability of Miocene basaltic rock aquifers. These Miocene basaltic rock aquifers have 
exceedingly variable permeability, and have a maximum specific capacity value estimated at 
3,000 gallons per minute per foot of drawdown. Some interbeds of unconsolidated deposits 
containing water under confined and unconfined conditions can yield up to 100 gallons per 
minute to wells (USGS 1994).  
Discharge from the aquifer system occurs via evapotranspiration, leakage to other aquifers, 
well withdrawals, movement to surface water bodies, and discharge from springs. In the Puget 
Sound Lowland area, most aquifer discharge is from springs that are drained by streams. Some 
large springs can discharge 1,000 to 20,000 gallons per minute from unconsolidated deposits. 
The nearby Baker hot spring has a discharge rate around 22 gallons per minute from its quartz 
based aquifer. Groundwater quality is typically fresh and chemically acceptable for most 
anthropogenic use. Public, domestic, commercial, and agricultural are the primary uses of 
groundwater in the area. Groundwater in the area is abundant, and contamination in the lease 
area is not an issue because of limited human settlement (U.S. Geological Survey, 1995).  
b) Proposed Action 
Scoping Impacts 
TGW drilling is initially conducted at a shallow depth that is not intended to penetrate the 
geothermal reservoir. This could create conduits between shallow aquifers, but is not expected 
to have a significant impact on the area’s abundant groundwater. Installation of proper well 
casing before attempting to penetrate the geothermal reservoir in the promising TGWs would 
minimize the risk of contaminating shallow aquifers (Geothermal Energy Association, 2009).  
Construction Impacts 
Geothermal fluids are sometimes highly pressurized within the resource. Drilling activities have 
the potential to create pathways for the geothermal fluids to mix with other groundwater 
aquifers, some of which may be located at a shallower depth. This could change the natural 
circulation of the geothermal fluids, and possibly compromise the resource. These pathways 
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can also impact groundwater quality due to natural contaminants within the geothermal fluids 
(Bargagli et al., 1997). Degree of impact is dependent on aquifer characteristics and subsurface 
conditions. Impact can be largely reduced by use of proper drilling practices , accepted well 
casing techniques, and geologic aquifer testing to ensure extraction wells are isolated from 
shallow aquifers 
Operation Impacts 
High injection pressures have the potential to fracture rocks, causing contamination from 
geothermal fluid leakage into shallower aquifers. Extensive aquifer testing should be conducted 
before construction of extraction and injection wells to ensure an efficient circulation system of 
geothermal fluid is created (Sanyal, Granados, & Menzies, 1995). Ideally, the injection sites 
should be somewhat isolated from shallower aquifers to reduce the risk of contamination. 
Extracting geothermal fluids could result in drawdowns in connected groundwater aquifers , 
which could impact springs or streams connected to the aquifers. This would be caused by 
pressure gradients between the geothermal reservoir and shallower reservoirs due to natural 
conduits in rock (Bromley, 2009). Because binary cycle power plants use a closed loop system, 
proper well placement will ensure efficient geothermal fluid circulation in the reservoir and 
minimize this impact. Groundwater is considered abundant in the area, and impacts on water 
quality and quantity are expected to be negligible. 
When wells are eventually abandoned, they must be properly plugged and capped to prevent 
geothermal fluids from migrating into and contaminating other aquifers. 
c) Alternative Action 
If a 25 MW power plant facility were pursued instead of a 50 MW, there would be 
approximately half as much drilling of TGW, extraction, and injection wells  needed. This would 
significantly reduce the risk of impact to groundwater within the lease area.  
d) No Action 
If a geothermal power plant is not pursued on the lease area, the geothermal resource will 
likely not be accessed by drilling activities. TGW drilling may occur, but should only affect 
shallow aquifers. The impacts from this would be minimal, and could be further reduced with 
preemptive aquifer testing and proper drilling technique.  
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2.4. WILDLIFE 
2.4.1. Habitat and Diversity 
a) Site Aspects 
The lease areas are on a patchwork of old-growth and second-growth forests. Of the lease 
areas, 52 percent of the forest is older than 1900 (7,204 acres) (USDA Forest Service, 2012).  
The whole lease area is designated as Late-Successional Reserve with much of the land on 
designated roadless areas, limiting the amount of potential development in these areas  (U.S. 
Bureau of Land Management, 2008). Old-growth and late-successional forests are important 
habitat for many animal, fungi, and lichen species , including several endangered species. The 
species composition at any site is a function of elevation, soil moisture content, and 
disturbance regimes (frequency and intensity of disturbances). A survey of the lease site 
performed by the authors of this document found that lower elevation old-growth or late-
successional areas are dominated by western hemlock (Tsuga heterophylla), western red cedar 
(Thuja plicata), and Douglas fir (Pseudotsuga menziesii). Scattered grand fir (Abies grandis), 
western yew (Taxus brevifolia), vine maple (Acer circinatum), big leaf maple, black cottonwood 
and red alder (Alnus rubra) were documented in these forests as well. Deciduous trees 
dominate the riparian areas.  Higher elevation late-successional forests in the lease area are 
dominated by mountain hemlock (Tsuga mertensiana), yellow cedar (Cupressus nootkatensis), 
pacific-silver fir (Abies amabilis) and subalpine fir (Abies lasiocarpa). The second-growth sites 
have different compositions based on the last time the sites were logged, their elevations, and 
relative proximity of riparian areas. These stands are primarily red alder (Alnus rubra), black big 
leaf maple (Acer macrophyllum), and Douglas fir (Pseudotsuga menziesii) (Pojar & MacKinnon, 
2004; Mathews, 1992). Mature second-growth areas have the later successional species 
starting to grow under mature early successional trees. There are numerous streams and 
associated riparian areas in the proposed lease areas. These areas provide important habitat for 
some rare amphibians and fish species (these species will be discussed in detail in the unique 
species section) (U.S. Bureau of Land Management, 2008). 
The site is on USFS land. It is to be managed in accordance with the Northwest Forest Plan, 
which has the stated goal of providing access to energy sources while minimizing the impacts 
on surface resources (USDA Forest Service, 2010).  
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Figure 7: Tree stand age in and around proposed lease area 
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b) Proposed Action  
Scoping Impacts 
Each TGW built for the purposes of scoping would require clearing roughly an acre of land. Ten 
to twenty TGWs are projected to be built. This would result in the removal of all vegetation 
from these sites, leaving them as unsuitable habitat. Additionally, human caused disturbance 
tends to introduce invasive species that are able to out-compete native species. Invasives of 
concern are scotch broom (Cytisus scoparius), himalayan blackberry (Rubus armeniacus), bull 
thistle (Cirsium vulgare), Herb Robert (Geranium robertianum) and Chicory (Cichorium intybus) 
(U.S. Bureau of Land Management, 2008; USDA Forest Service, 2010; Pojar & MacKinnon, 
2004). 
Construction Impacts 
Construction would result in the creation of new roads, pipelines, and power plants. The sites 
and a surrounding buffer area would have vegetation removed. This would eliminate habitat 
and create a greater degree of habitat fragmentation. Total area of s urface occupancy is 
expected to be less than one percent of the total area leased, but depending on the lengths and 
locations of roads and pipelines, even a small total area could lead to significant fragmentation 
(USDA Forest Service, 2010). 
Operation Impacts 
Daily operational impacts are expected to be minimal. However, there would be episodic 
periods of greater disturbance. For example, the buffer areas would need to be periodically re-
cleared (either mechanically or through the use of herbicides) to prevent regrowth. It has been 
shown that these areas of frequent disturbance (such as buffers under power lines) make good 
habitat for invasive species (Pojar & MacKinnon, 2004; USDA Forest Service, 2010).  
c) Alternative Action 
Scoping Impacts 
A smaller geothermal plant would require fewer TGWs and would lead to fewer areas and less 
total acreage of disturbance. 
Construction Impacts 
By building only one power plant, there would be significantly fewer miles of roads and 
pipelines, leading to less habitat destruction and fragmentation. 
Operation Impacts 
One power plant would reduce the operational impacts because there would be a smaller total 
area of buffers around the pipelines roads, thus requiring a smaller area of repeated 
disturbance. 
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d) No Action 
If this project is not initiated there will be no impacts to the habitat. 
2.4.2. Unique Species 
a) Site Aspects 
Three species that occur on the site are protected federally by the Endangered Species Act. 
These species are the Western Toad, the spotted owl and the marbled murrelet. Many other 
unique and sensitive species have been documented in the area as well (U.S. Bureau of Land 
Management, 2008; Washington Department of Fish & Wildlife, 2013). 
Amphibians 
Ten different native species of amphibians were identified on a survey done in 2001 and 2002 
in and around the lease areas. The species identified were the pacific giant salamander 
(Dicamptodon tenebrosus), northwestern salamander (Ambystoma gracile), long-toed 
salamander (Ambystoma macrodactylum), northern rough-skinned newt (Taricha granulosa), 
western red-backed salamander (Plethodon vehiculum), tailed frog (Ascaphus truei), western 
toad (Bufo boreas), Pacific chorus frog (Pseudacris regilla), northern red-legged frog (Rana 
aurora), and Cascades frog (Rana cascadae). The western toad is of particular concern as it is 
federally listed as a species of concern and a candidate for Washington State’s list of 
endangered species (U.S. Bureau of Land Management, 2008; Washington Department of Fish 
& Wildlife, 2013). 
Birds 
In surveys, 164 bird species have been identified in the Baker Lake watershed. Of these, two are 
threatened or endangered.  The northern spotted owl (Strix occidentalis spp. caurina) has been 
listed as endangered by the state and federally listed as threatened.  The marbled murrelet 
(Brachyramphus Marmora) is listed by the state and federally as threatened. Both of these 
species are sensitive to disturbance and need continuous old-growth stands for suitable nesting 
sites (U.S. Bureau of Land Management, 2008; Mathews, 1992; Washington Department of Fish 
& Wildlife, 2013).  
Mammals 
In the lease areas there have been 60 mammal species documented (U.S. Bureau of Land 
Management, 2008). Large mammals that are known to reside in or pass through the lease area 
include elk (Cervus Canadensis roosevelti x nelson)i, black tail deer (Odocoileus hemionus 
columbianus), cougar (Puma concolor), bobcat (Lynx rufus), coyote (Canis latrans), river otter 
(Lontra Canadensis), beaver (Castor Canadensis), raccoon (Procyon lotor), black bear (Ursus 
americanus) , and red fox (Vulpes vulpes). Wolverines (Gulo gulo) are suspected of living in or 
around the area but are notoriously reclusive and hard to document. They are a candidate for 
being listed by the state (Washington Department of Fish & Wildlife, 2013). Grizzly bears and 
grey wolves have been observed in the watershed, but it is doubtful that either are long-term 
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residents. The last sighting of a Grizzly Bear in the vicinity was in 1991 at the Baker River 
headwaters. Both the grizzly bear and the gray wolf are listed as endangered in the state 
(Mathews, 1992; Washington Department of Fish & Wildlife, 2013; U.S. Bureau of Land 
Management, 2008). Numerous species of squirrel and other rodents exist in the area.  
Lichens  
Lungwort (Lobaria pulmonaria) is a lichen species specifically associated with old-growth 
ecosystems. Additionally they are sensitive to air pollution and acid rain, which further 
decreases their habitat (Mathews, 1992).  
Fish 
A number of anadromous and resident fish occur in Baker Lake, and have access to around 30 
tributaries, including those within the lease area. Steep gradients on some of these streams 
limit their use by anadromous fish (WDFW 2000). The lower reaches of these tributaries are 
often suitable habitat for rainbow trout, cutthroat trout, and native char. Anadromous fish that 
may be present in the lease area include sockeye salmon (Oncorhynchus nerka), coho salmon 
(Oncorhynchus kisutch), Chinook salmon (Oncorhynchus tshawytscha), steelhead trout 
(Oncorhynchus mykiss), bull trout (native char) (Salvelinus confluentus), Dolly Varden (native 
char) (Salvelinus malma malma), and coastal cutthroat trout (Oncorhynchus clarki). Trapping of 
adult fish in Baker Lake from 1962 to 2003 suggests coho and sockeye salmon to be the most 
abundant anadromous fish returning to Baker Lake, with the remaining species comprising 
seven percent. Puget Sound Energy operates several hydroelectric facilities on the Baker River, 
and is required by their lease agreement to allow upstream and downstream fish passage and 
operate spawning beds for Baker River sockeye salmon (Puget Sound Energy, 2002).  
 Native resident fish species known to occur in Baker Lake include bull trout (native char) 
(Salvelinus confluentus), Dolly Varden (native char) (Salvelinus malma malma), rainbow trout 
(Oncorhynchus mykiss), coastal cutthroat trout (Oncorhynchus clarki), Kokanee (sockeye 
salmon) (Oncorhynchus nerka), three-spine stickleback (Gasterosteus aculeatus), torrent sculpin 
(Cottus rhotheus), prickly sculpin (Cottus asper), coastrange sculpin (Cottus aleuticus), and 
largescale sucker (Catostomus macrocheilus). Except for the three-spine stickleback, they are all 
assumed to be common in the lake. The salmon, trout, and char are considered game fish. The 
bull trout (Salvelinus confluentus) is currently listed as threatened by the U.S. Endangered 
Species Act. 
b) Proposed Action 
Scoping Impacts 
The impacts of scoping (most notably the construction of TGWs) may result in habitat 
disturbance, the introduction of invasive species, noise, and the mortality of small species such 
as amphibians. The drilling of TGWs could cause a small increase in erosion and surface runoff 
because of vegetation clearance and human activity, leading to slightly increased turbidity in 
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lease area waterways. Salmonid species are sensitive to increased turbidity, but the increase 
from TGWs is expected to be short-term and fairly minor. 
Construction Impacts 
The two power plants and the associated roads and pipelines would eliminate some habitat for 
the species present and fragment some of the remaining habitat. While some species would 
not be impacted by these actions, other species are susceptible to disturbance and sensitive to 
habitat fragmentation. The noise and human activity associated with land clearing and 
construction would force some animals to relocate and would kill those not able to. There are 
guidelines in place to protect riparian areas, where development and disturbance can impact 
fish and amphibians. If these riparian areas are protected, impacts on them would be 
decreased. Roads and pipelines are likely to cross these areas , resulting in some elimination of 
habitat. This riparian vegetation serves as an indirect food source for aquatic species, and helps 
to control water temperature by limiting exposure to solar radiation. Salmonid species are 
sensitive to water temperature, and temperatures exceeding 68°F for extended periods of time 
could impact their growth, reproduction, and competitive interactions (Carter, 2005). 
Soil compaction and vegetation removal resulting from construction activities could lead to 
increased turbidity in lease area waterways. This could impair water clarity, alter aquatic 
habitat, impede spawning, hinder fish ability to absorb oxygen, and increase mortality of eggs 
and juveniles. These effects are more significant among salmonid species, which are more 
affected by turbid conditions (Bash et al., 2001). 
Operation Impacts 
The main impact of operation would be on animals sensitive to noise disturbance. Human 
activity would not increase in the area significantly, with the exception of regular maintenance 
of facilities. 
c) Alternative Action 
Scoping Impacts 
If only one power plant is considered, there would be more limited scoping and fewer TGWs 
constructed. Additional stipulations could be added to mitigate impacts. This is particularly 
important for spotted owls and marbled murrelets because of their sensitive natures. 
Stipulating when construction can occur near or on old-growth stands would help minimize 
impacts while they are nesting (U.S. Bureau of Land Management, 2008). 
Construction Impacts 
Construction of one power plant would limit the area of disturbance.  
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Operation Impacts 
By only having one power plant, the area exposed to operational noise would be decreased, 
leading to a smaller impact on sensitive species. Human activity would not increase in the area 
significantly, with the exception of regular maintenance of facilities. 
d) No Action 
If there is no action, there will be no impact on wildlife. 
2.4.3. Fish or Wildlife Migration Routes 
a) Site Aspects 
Songbirds use the lease area seasonally. These include migrations from coastal and low 
elevations to the areas inside the lease area. Varied thrushes  (Ixoreus naevius), hermit thrushes 
(Catharus guttatus), Swainson’s thrushes (Catharus ustulatus), American robins (Turdus 
migratorius), pileated woodpeckers (Dryocopus pileatus), hairy woodpeckers (Picoides villosus), 
Anna’s hummingbirds (Calypte anna), and red-breasted sapsuckers (Sphyrapicus rube) all 
engage in these types of migrations. The ecosystems present in the lease area are not typically 
associated with species that undertake longer distance migrations  (such as shore birds and 
waterfowl that travel to the arctic annually) (Mathews, 1992).  
The Nooksack herd of elk has been documented utilizing the lease area. This is Washington 
State’s smallest elk herd.  The Washington State of Fish and Wildlife has a plan to increase the 
population of the herd by four times is current population but unaccounted mortality has 
inhibited this plan so far. The herd does not follow an annual migration path, but does travel 
seasonally in elevation with changing snow levels  (Davison, 2002).  
Several amphibian species such as the rough skinned newt and the pacific chorus frog migrate 
seasonally to ephemeral ponds to mate and lay eggs but live the remainder of their lives in the 
forest.   
b) Proposed Action 
Scoping Impacts 
The construction of the TGWs is not expected to impact any terrestrial animal migration. 
Songbirds might experience minimal displacement, but they have abundant similar habitat 
throughout the lease area. There could be some direct mortality of amphibians on the 
disturbed sites, but there is abundant similar habitat and their numbers are not expected to be 
impacted significantly (Mathews, 1992).  
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Construction Impacts 
The construction of pipelines could inhibit the passage of large animals such as elk.  Expansion 
loops can be built along the pipeline at regular intervals that would allow animal passage.  If 
these loops are built there should be no significant impacts.   
Operation Impacts 
Operation of the power plant is not expected to impact migratory species in the area. 
c) Alternative Action 
By building only a 25 MW power plant, there would be a decreased amount of disturbance on 
the migrating species because of the decreased pipeline miles.  
d) No Action 
If no power plants are built, there will be no impacts on migrating species. 
2.5. ENERGY AND NATURAL RESOURCES 
2.5.1. Energy: Amount Required, Rate of Use, and Efficiency 
a) Site Aspects 
The proposed 50 MW geothermal power plant would provide a source of clean, renewable 
energy. In general, the efficiency of geothermal energy conversion into electricity increases 
with increasing well temperature. Geothermal groundwater in the lease area is  around 212°F, 
which should put the plant at about 8 percent efficiency. 
Nearly 1.3 million acres of MBSNF is classified as “prospectively valuable” for geothermal 
energy. According to a 1989 Washington State Energy Office report, there is a potential 500 
MW of harvestable energy near Mt. Baker. Fourteen springs have been identified in the area as 
potential access points (Bloomquist, 1985). 
b) Proposed Action 
The proposed action is to place two binary geothermal power plants within the lease area. The 
plants would vary in energy output, one 20 MW plant and one 30 MW plant.  
c) Construction Impacts 
Electricity during construction would be provided by diesel generators owned by the 
contractors. Once the power plant was fully operational, the site would supply its own 
electricity. 
d) Operation Impacts 
Operating impacts would be minimal as the plants would provide all electrical power for the 
sites. On-site generators would be used for short-term in case of an emergency. There will be a 
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positive impact for the site due to its renewable energy. The combined 50 MW of energy could 
potentially power 20,000 homes in Whatcom County (Trade Wind Energy, 2013). 
e) Alternative Action 
The 25 MW power plant would operate at higher energy efficiency than the 50 MW plant. This 
is due to the fact that a larger power plant requires additional extraction wells that usually are 
located farther away: The increased travel time of extracted water through the pipelines causes 
the water to cool down somewhat before it reaches the plant. Thus, some otherwise 
harvestable energy is lost as heat, decreasing the energy efficiency of the larger plant. 
f) No Action 
The no action alternative would have no impacts on natural resources. 
 
2.5.2. Natural Resources 
a) Site Aspects 
The lease site is home to many natural resources, including mines and old-growth forest in 
addition to geothermal resources. Currently the site has no permitted mining or logging in the 
area.  
b) Proposed Action 
The proposed action would place two geothermal plants and wells within a National Forest. The 
proposal calls for the use of additional roads. The roads however will need to be linked to the 
plants.  
c) Construction Impacts 
Construction of roads into the sites would require rock from local quarries. New roads would 
need to be connected to the existing USFS roads. Impacts from roads would include loss of 
vegetation, loss of permeable land, and potential material leachate into nearby watersheds. 
Around 25 acres of forested land would be cleared for the two main power plant facilities, and 
up to 367 additional acres would be required for the construction of well pads, pipelines, 
electrical lines, and access roads (Rybach & Muffler, 1981). Rock and concrete would be used 
for the site foundation; the foundations for the plants would call for about 1,089,000 square 
feet of concrete.  
d) Operation Impacts 
The 50 MW power plants would uptake and inject about 79 million gallons of geothermal 
groundwater per year (Clark, Sullivan, Harto, Han, & Wang, 2012). The impact from the use of 
these 79 million gallons would be minimal since the water is cycled through the plant and not 
consumed. Proper positioning of production and inject wells would significantly decrease the 
impacts from this.  
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During operation the main impact will be from maintenance of the plant, pipelines and roads. 
Local quarries will need to be mined to supply gravel to roads and vegetation around the plant 
and pipelines will need to be routinely maintained. The maintenance of these areas will al low 
work crews to easily access sites.  
   
e) Alternative Action 
A smaller plant would decrease all impacts on local forest and mines in the area.  
3. BUILT ENVIRONMENT 
3.1. ENVIRONMENTAL HEALTH 
3.1.1. Noise 
a) Site Aspects 
Natural sources of noise in the lease sites include wind and wildlife. Anthropogenic sources 
include dispersed motorized and non-motorized recreational use, including snowmobiling, and 
traffic from roads within the lease site boundaries. Sources of noise originating outside of the 
lease sites but affecting the lease sites include road traffic, air traffic, and recreational use. 
Because the site is located within a national forest, no permanent habitation exists within one 
mile of the proposed lease area. Noise could have an effect on wildlife, but no sensitive human 
receptors are at risk of exposure. 
b) Proposed Action 
Scoping Impacts 
Up to 115 decibels of noise may occur at the edges of well pads during drilling (Office of Indian 
Energy and Economic Development). 
Construction Impacts 
Intermittent noise may be generated for the duration of construction, but levels would vary and 
are unknown (Office of Indian Energy and Economic Development). 
Operation Impacts 
Operations of the plant could emit up to 80 decibels at 0.5 mile in open terrain (Office of Indian 
Energy and Economic Development). Coniferous vegetation will muffle noise an additional 5-10 
decibels per 100 feet from the source (Herrington, 1974). Recreationists in the area could suffer 
annoyance near generating sites, but would not be at risk for hearing damage. 
c) No Action 
Noise levels will not be altered if the site is not leased. 
48 Environmental Health 
 
48 
 
3.1.2. Risk of Explosion and Toxic Release 
a) Site Aspects 
There are currently no existing structures that would pose a potential explosion hazard at the 
site. Presently, Whatcom County possesses a low to moderate risk and vulnerability to fires  
(Whatcom County, 2013). The climate near Mt. Baker is temperate, and the area is supplied 
with ample amounts of precipitation. The risk of explosions near the area is low since the land 
is part of a national forest.  
Primary sources of toxic release in the area are USFS vehicles and snowmobiles. USFS 
employees maintain the area. No logging operations are permitted in the area so there are no 
toxic releases from logging.  
b) Proposed Action 
Scoping Impacts 
In the early days of geothermal energy exploitation, well blowouts were a fairly common 
occurrence; but, nowadays, the use of sophisticated and fast-acting blowout preventers have 
practically eliminated this potentially life-threatening problem. Furthermore, geothermal 
prospects are now more carefully studied using modern geoscientific methods before well 
drilling commences (Massachusetts Institute of Technology, 2006). 
Construction Impacts 
For all electrical generation there are always concerns of explosion. Accidents can occur during 
any of development or operation, such as well blowouts, ruptured steam pipes, turbine failures, 
fires, etc. This is no different from any other power generation facility where industrial 
accidents unfortunately can and do happen. The ones that are unique to geothermal power 
plants involve well drilling and testing.  
Operation Impacts 
The potential for toxic releases in the environment are low for the proposed binary system. The 
system uses a closed loop system that recycles the incoming water and injects it back into the 
reservoir. The water is used to heat a secondary fluid that has a lower boiling point than water, 
usually an organic hydrocarbon such as pentane. If a rupture were to occur in the secondary 
pipeline, there could potentially be toxic releases into the environment. To address this 
concern, the system is carefully monitored. In the event of a rupture, the operators would 
immediately be notified of the location so repairs can be made. 
c) Alternative Action 
The alternative action of one 25 MW binary plant would possess the same risks as the proposed 
action only at a smaller scale.  
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d) No Action 
The no action alternative would have no impact on risk of explosion of toxic release in the area.  
3.2. LAND USE 
3.2.1. Relationship to Existing Land Use Plans 
a) Site Aspects 
Impacts on land use would include impacts to transportation and recreation opportunities. As 
there are no permanent residents in the area, recreationists make up the majority of people 
who would be impacted by the project. One campground exists within 0.5 miles of the lease 
boundary. Several trailheads and recreation features also exist within or near the site. 
The entire site is managed as a late-successional reserve, which prioritizes conservation and 
recreation over resource extraction. The site is also adjacent to Mount Baker National 
Recreation Area, preserved for the use of motorized and non-motorized recreation, and to the 
Mount Baker Wilderness Area, preserved for conservation and non-motorized/non-mechanized 
recreation. 
One trailhead and one Washington State Sno-Park exist within the proposed lease area. Four 
additional trails outside the proposed lease area are accessed by USFS roads that pass through 
it. The entire lease area is accessed via Baker Lake Highway, a two-lane road that is paved for 
most of its length and is used for access to nearly all trailheads and campgrounds along Baker 
Lake and to Mt. Baker to the west. 
b) Proposed Action 
Scoping Impacts 
Large drilling equipment could create hazard or delay for other users of forest roads, due to the 
roads’ limited width and visibility. Campgrounds and trails may need to be closed, or trails 
rerouted, if obstructed by well-digging operations. 
Construction Impacts 
As with scoping, construction equipment could create hazard or delay for other drivers, and 
construction itself could close recreation facilities if conflict occurs. 
Operation Impacts 
If wells or generating facilities are located on or very near recreation access or facilities, those 
facilities may need to be moved outside of the site or closed altogether. 
c) No Action 
The no action alternative would have no impact on existing land use plans. 
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3.2.2. Light and Glare 
a) Site Aspects 
Though a generally undeveloped area, light sources in the area include campgrounds and forest 
road traffic. Light pollution may impact biological rhythms and habitat use by wildlife and 
vegetation, night sky observation and night aesthetics of recreationists. 
b) Proposed Action 
Scoping Impacts 
Work at night is unlikely, so artificial lighting is likely to be minimal or non-existent. 
Construction Impacts 
Work at night is unlikely, so artificial lighting is likely to be minimal or non-existent. 
Operation Impacts 
An unmanned site may not have any need for standard artificial lighting. A manned site would 
require work lighting for workers. Light scatters most effectively in the atmosphere (“skyglow”) 
in shorter wavelengths than long, and wavelengths below 590 nanometers (amber, green, blue, 
violet, and ultraviolet, in descending order) have the greatest effects on human perception and 
on human, wildlife, and vegetation biological rhythms (Chaney, 2002; Monrad, Benya, & 
Crawford, 2012). Modern lighting standards call for all light to be downcast and focused tightly 
on target areas. Any light pollution would be further shielded by the coniferous forest. 
c) Alternative Action 
Any number and size of unmanned plants will emit no light. A single, manned 25 MW site 
would light a smaller area than two manned plants. 
d) No Action 
The no action alternative would have no impact on light or glare near the source area. 
3.2.3. Aesthetics 
a) Site Aspects 
Old-growth conifer forest (older than 110 years old) makes up 52 percent of the site and similar 
proportions of the neighboring area. Douglas fir around 100 years old typically stands 80-120 
feet high (Hermann & Lavender, 1990). 
 Some of the other portion of the site was logged within the last 30 years and is still in early 
successional stages (USDA Forest Service, 2012). 
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b) Proposed Action 
Scoping Impacts 
Well-digging equipment would contrast strongly with the undeveloped landscape. TGW digging 
equipment can stand up to 50 feet tall when digging (U.S. Bureau of Land Management, 2011). 
Construction Impacts 
Construction impacts are similar to those of scoping, but larger in scale (Gilman, 2013). The size 
of each well site would likely be around 400 by 400 feet, or smaller. Drilling rigs can stand up to 
178 feet high (U.S. Bureau of Land Management, 2011) 
Operation Impacts 
The completed geothermal plant would generally impact aesthetics with less intensity than 
construction, but with similar location and scale. Though the height of cooling towers is 
unknown, cooling towers used by existing plants of similar size would not rise above 80 feet 
(U.S. Bureau of Land Management, 2011). Between 53 and 367 acres are expected to be 
disturbed in total, between two sites (Gilman, 2013). 
If water cooling is used instead of air cooling, a plume of steam may rise above to an unknown 
height in climatic conditions of low-temperature, low-wind, and high-humidity (U.S. Bureau of 
Land Management, 2011). 
c) Alternative 
Aesthetic impacts can be mitigated by using camouflaging paint and revegetation. Use of non-
specular conductors can reduce reflection and glare on transmission lines  (Kagel, Bates, & 
Gawell, 2007). A single 25 MW plant would also occupy a smaller area than the two proposed 
plants. 
d) No Action 
Aesthetics would not be impacted if the plant is not built. 
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